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NASA TT F-10,447 

INTERACTION BETWEEN CARBIDES OF TRANSITION METALS AND THEIR OXIDES 

T. Y a .  Kosolapova, V. B. Fedorus, Yu. B .  Kuz'ma 

ABSTRACT 

In t e rac t ion  between oxides of t r a n s i t i o n  metals 
belonging t o  the  I V - V I  groups of t he  pe r iod ic  system of 
elements i s  studied. The d i f fe rence  i n  i n t e r a c t i o n  between 
oxides and carbides of these  metals is due t o  t h e  e l ec t ron  
s t r u c t u r e  of atoms of metals producing t h e  oxides and carbides. 

I n  connection with t h e  requirements imposed on materials employed i n  /1516* 
t h e  new technology, i t  i s  p a r t i c u l a r l y  important t o  develop materials w i t h  
improved characteristics and with proper t ies  which have been previously 
assigned t o  t h e m .  I n  order  t o  solve t h i s  problem, i t  i s  of i n t e r e s t  t o  study 
t h e  i n t e r a c t i o n  between t h e  oxides of t r a n s i t i o n  metals belonging t o  the I V  - 
V I  groups of t he  Mendeleyev per iodic  system of elements and the  carbides of 
both similar and d i s s i m i l a r  metals. 

There are several well-known works devoted t o  t h e  carbothermic production 
of m e t a l l i c  niobium and vanadium, and the a l loys  of niobium with tantalum, 
vanadium, chromium, molybdenum, and tungsten (Ref. 1 - 6 ) .  Research has  been 
performed on the  i n t e r a c t i o n  of tungsten carbide with t h e  oxides of t i t an ium 
zirconium, vanadium, molybdenum, tantalum, and chromium (Ref. 7) ,  and zirconium 
carb ide  wi th  zirconium oxide (Ref. 8). However, t he re  are very few d a t a  up t o  
t h e  present  t i m e  derived from systematic research on t h e  na tu re  of t h e  i n t e r -  
a c t i o n  between the  oxides of t r a n s i t i o n  metals and t h e  carbides,  with t h e  pur- 
pose of studying the mechanism of the  processes and with t h e  purpose of pro- 
ducing a l l o y s  with improved cha rac t e r i s t i c s .  

This ar t ic le  presents  the  r e s u l t s  derived from studying t h e  i n t e r a c t i o n  
between oxides of t i tanium, zirconium, hafnium, vanadium, niobium, and chromium 
carb ides  of similar metals. 

This research w a s  performed as follows. The appropriate mixtures, which 
w e r e  designed f o r  i n t e r a c t i o n  u n t i l  a pure m e t a l  w a s  obtained, were heated i n  
a vacuum at 
z= fntei---a?. of 100°cI). 
according t o  da t a  from chemical and X-ray ana lys i s .  I n  addi t ion ,  w e  performed 
a manometer study of c e r t a i n  reac t ions ;  based upon jumps i n  t h e  pressure  a t  
d i f f e r e n t  temperatures, this study made i t  poss ib l e  t o  determine t h e  na tu re  of 
in te rmedia te  products and the  temperature a t  which they w e r e  produced. 

mm Hg f o r  one hour a t  temperatures from 1000 - 20OO0C ( w i t h  
The res i i l t s  derived from t h e  experiments were evaluated 

The i n t e r a c t i o n  between the  carbide and oxide of titanium was s tud ied  i n  
t h e  temperature range 1000-1900OC (Table 1). 
composition of t h e  r eac t ion  products barely changes,as compared w i t h  t h e  i n i t i a l  

A t  temperatures up t o  1 2 O O 0 C ,  t h e  

* Numbers i n  t h e  margin i n d i c a t e  pagination i n  the o r i g i n a l  fore ign  t e x t .  
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76,4 
76,3 
76,8 
77,l 
77, l  
77,9 
78,3 

TABLE 1 

23,6 
23,4 
23 , l  
22,9 
22,9 
22.1 
21,7 

RESULTS DERIVED FROM EXPERIMENTS STUDYTNG THE Ti02 3. T i c  * T i +  CO 

REACTION I N  A VACUUM (TIME, 1 HOUR; PRESSURE 4 - 6 10" mm Hg) 

1300 
1400 
1500 
1600 
1700 

1800 
1900 

_ _ _ _ ~  

Temper-1 
a t u r e  , 

70;9 
71,4 
72.1 
72,6 
74,l 

74,2 
76,2 

4'8 -, Ti 

Mixrure I 68.5 
1000 I 68;s  

1100 1 68,8 
1200 69.6 

Cbound 

7 , 8  
7,29 

7.11 
6,83 
5,46 
5,73 
5,05 
6,36 
4,24 

2,24 
4,34 

m t e n t ,  

free 

-- 
C 

0,51 
0,47 

0,48 
0,16 
0,14 

Undet . 
n w  
w *  
D Y  

D Y  

gen.1 O 
Ti + C 

Result of ~ 

Analysis X-ray I 

~ 

Tic + Ti02 
U T ~ C  = 4 ,32A 
Tic f z 
TIC f x 
Tic + z 
TIC + z 
Tic f x 

Ti0 f y 
Ti0 + y 

a, lc=4,32 A ~ 

a ~ i 0 = 4 ,  + I 3 A 

products. The lines of T i 0 2  and T I C ,  with a l a t t i c e s p a c i n g  of 4.32 i, can be  

c l e a r l y  seen  on the X-ray photograph. 
unknown x-phase, which it  w a s  not possible t o  i d e n t i f y ,  appeared on t h e  X-ray 
photographs along with T i c  l i n e s .  
temperature of 17OOOC. 
monoxide Ti0 and of t h e  unknown y-phase are observed. 

A t  higher temperatures, l i n e s  of t h e  

This phase occurs i n  t h e  samples up t o  a 
A t  temperatures above 17OO0C,  l i n e s  of t h e  t i tanium 

It may be assumed that t h e  in t e rac t ion  takes p lace  via the formation of 
the lower oxides of t i tanium Ti305 and Ti203. 

s t u d i e s ,  according t o  which three jumps i n  the  pressure  are observed on t h e  
manometer curve. 

This i s  confirmed by manometer 

The appearance of t h e  y-phase is  apparently r e l a t e d  t o  t h e  f a c t  t h a t  t h e  
i n t e r a c t i o n  of t i tanium oxides with carbide begins, w i t h  the formation of t h e  
monoxide and t h e  oxycarbides having t h e  composition T i c  0 x (1-x)* 

The i n t e r a c t i o n  between t h e  carbide of zirconium and the oxide is  i n i t i a -  
t e d  a t  180OOC (Table 2) .  

Chemical phase analysis* has shown t h a t  up t o  a temperature of 18OOOC 
only Z r C  and Z r 0 2  occur i n  the reac t ion  products, m-d there is e s s e n t i a l l y  no 

i n t e r a c t i o n .  A t  a higher temperature, i n t e r a c t i o n  was  noticeable.  This is  

* Ye.  Y e .  Kotlyar performed t h e  phase analysis.  
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TABLE 2 

Experiment 
Temperature, O C 

a, 1 I 1 Experiment 
Temperature, O C  

1800 4.567 2200 
1900 4.577 2300 
2000 4.561 2400 
2100 4.583 

COMPOSITION OF INTERACTION PRODUCTS OF Zr02 +- Z r C  (ZIRCONIUM 

CARBIDE CORRESPONDS TO THE COMPOSITION ZrCo.8g, TIME LAG 1 HOUR, 

PRESSURE 5 0 1 0 ' ~  mm Hg) 

a, 

4.583 
4.594 
4.605 

Content, % 
i i d  
E *  9.: 

3.: 84 

C k r n  
0 0  I 
m4xI-r  
cd4J cd 

ZrC + ZrO, 
ZrC + ZrO, 
ZrC + ZrO, 
ZrC + ZrO, 
ZrC + ZrO, 
ZrC + ZrO, 
ZrC + ZrO, 

a + ZrOl cn. 
a + ZrOt cn. 
a + ZrO, cn. 

(1) - Composition of Inso luble  Residue, %; (2) - Unobserved. 

confirmed by da ta  derived from X-ray ana lys i s ,  according t o  which phase a occurs 
i n  t h e  r eac t ion  products a t  temperatures of 1 8 O O 0 C .  
face-centered la t t ice  of t h e  N a C l  type, and t h e  l a t t i ce  s p a c i n g i n c r e a s e  t o  a 
c e r t a i n  ex ten t  with a temperature increase (Table 3). The la t t ice  spacing of 
phase a is c lose  t o  i t s  value f g r  zirconium monoxide Z r O ,  which equals -4.588 
according t o  (Ref. 9) and -4.62A according t o  (Ref. 10). I f  w e  take  t h e  f a c t  
i n t o  account t h a t  t he re  are no l i n e s  of fore ign  phases, except Zr02 and the  

a-phase, i n  t h e  X-ray photographs of t he  r eac t ion  products at temperatures 
above 1 8 O O 0 C ,  w e  may assume t h a t  when dissolved, t h e  a-phase completely passes 
i n t o  so lu t ion .  Since i t  contains carbon, i n  addi t ion  t o  zirconium and oxygen, 
it rep resen t s  an oxycarbide of va r i ab le  composition. 

This phase has a cubic, 

TABLE 3 

'LATTICE SPACINCI-SOFPHASE a I N  REACTION PRODUCTS 
OF THE Z r C  - Zr02 SYSTEP! 
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TABLE 4 

RESULTS DERIVED FROM STUDYING THE REACTION V,O, + VC -t V + CO 

Phase Composition 
( face-centered 
based on chem. ana l . )  

L J  

Tempera 
tme, % 

Mixture 
lo00 
I 100 

' 1200 
1300 
I400 
1500 
1600 

The content of oxygen increases  with a temperature increase ,  and the  - -  
spacing increases  with a decrease i n  the l a t t i c e  defec ts .  

Samples w e r e  prepared from mixtures of Z r 0 2  - Z r C  containing from 10 - 
100% of each component. 
w e r e  then subjected t o  metallographic analysis.  

They were prepared by t h e  method of ho t  pressing, and 

According t o  t h e  phase chemical ana lys i s ,  t h e r e  w a s  f r e e  zirconium di- 
oxide i n  every sample containing more than 20% Zr02. 

Z r O  and 80% Z r C  were monophase; t h e i r  composition corresponded t o  t h e  formula 

ZrC0.7000.26 
sample containing more than 20% Z r O  

i d e n t i f i e d  as oxycarbide according t o  X-ray and chemical ana lys i s  had a 
microhardness whose value decreased monotonically from 2600 kG/mm f o r  pure 
Z r C  t o  1500 kG/mm2 f o r  samples containing 90% Z r 0 2 .  The second phase had a 

microhardness which w a s  t he  same f o r  every sam le ,  and which w a s  c lose  t o  t he  

Samples containing 20% 

2 . This w a s  subs t an t i a t ed  by metallographic s t u d i e s  -- every 

was diphase. The l i g h t  phase, which was  2 

h 

microhardness of zirconium dioxide (1000 kG/mm s ). 
There was  no i n t e r a c t i o n  observed between the  hafnium carbide and 'naiilhii 

Tbe composition of t h e  r eac t ion  products oxide up t o  a temperature of 20OO0C. 
a t  temperatures from 1000 t o  20OO0C was i d e n t i c a l ,  and corresponded 
composition of t h e  o r i g i n a l  mixture. 

t o  t h e  

The i n t e r a c t i o n  of vanadium oxide with t h e  carbide (Table 4) showed t h a t  /1518 
it is  i n i t i a t e d  a t  a temperature of 1000 - l l O O ° C .  
of t h e  r e a c t i o n  products corresponds t o  VC and VO according t o  d a t a  derived 
from chemical ana lys i s .  With an increase  
i n  temperature, t he  V2C and VO content decreases, and vanadium increases.  

A t  130OOC t h e  composition 

A t  14OO0C, V2C, VO and V appear. 
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TABLE 5 

RESULTS DERIVED FROM STUDYING THE REACTION Nb205 + NbC -+ Nb + CO 

I N  A VACUUM (TIME, 1 HOUR; PRESSURE 10-1 mm Hg) 

Mixture 
loo0 

1100 

Content, % Tempera- 1 I 

82,] 7,79 
84,3 7,76 

83,6 7,76 

I Nb ICbound 
t u r e ,  % 

1500 
1600 
1700 
1800 

87,s 6,17 
95,6 3,28 
95,7 3,78 
97,5 2,% 

1900 93,j 

‘free 

0,,9?, 

Nb + cgen 

89,8 
92,O 

91,3 

92,l 
92,6 
93,3 

93,7 
98,9 
99,5 
99,8 
99,5 

Phase Composition 1 Based on X-ray 
Analysis 

I 

Nb205 + NbC + t r a c e s  of 
x-phase 

Nb205 + NbC + t r a c e  of 
x-pEas e 

NbC+z+traces  of Nb2O5 
mc + 5 + traces of Nb205 
NbC + z + t r a c e s  of Nb205 

UNbC = 4,463 A 
NbC + 2, aNbC = 4,459 A I 

Nb + NbzC 
Nb + Nb2C 
M, + NbzC 
Nb + NbzC 

, , 
I 

The i n t e r a c t i o n  of niobium oxide w i t h  t h e  carbide is i n i t i a t e d  a t  tempera- 
Up t o  t h i s  temperature, t h e  carbon content i n  the  r eac t ion  t u r e s  above 1300OC. 

products almost equals i t s  content i n  the o r i g i n a l  mixture (7.7%). 
ana lys i s  revealed niobium oxide Nb 0 

A t  a temperature above 13OO0C, t h e  composition of t h e  r eac t ion  products changed, 
and X-ray ana&ysis at  a temperature of 150OOC revealed NbC with a lat t ice spac- 
ing of 4.459 A, which corresponded t o  the composition NbC 

According t o  d a t a  derived from chemical ana lys i s ,  an approximate computation 
of t h e  composition of t he  x-phase revealed a phase of t h e  composition NbO 
(Table 5) which must s t i l l  be subs tan t ia ted  and defined more p rec i se ly ,  how- 
ever. 

X-ray 
carbide NbC, and traces of t h e  x-phase. 2 5’ 

and t h e  x-phase. 0.89 

A t  temperatures above 16OO0C, Nb C and Nb were found. A study of t h e  2 
i n t e r a c t i o n  of chromium oxide w i t h  t h e  carbide Cr3C2 (which had a higher con- 

t e n t  of carbon) showed t h a t  (Ref. 5) i t  is i n i t i a t e d  a t  a temperature of 120OOC. 
Thus, t h e  carbide C r  C appears i n  t h e  reac t ion  products (Table 6), t h e  m a x i -  

mum amount of which corresponds t o  a temperature of 1300OC. The carbide C r  C 

w a s  no t  found a t  t h i s  temperature. With an increase  i n  temperature, t h e  
C r  0 conten t  decreased, and t h e  C r  C content a l s o  decreased. The content 

of chromium, which appeared a t  a temperature of 13OO0C,  increased, reaching 
96% a t  1600 - 1650OC. 

7 3  

3 2  

2 3  7 3  

Two jumps were observed on t h e  manometer curve f o r  t h e  reaction. These 11519 
jumps corresponded t o  the  temperatures 12OO0C, a t  which t h e . i n t e r a c t i o n  took 
p l ace  according t o  t h e  equation C r 2 0 3  + Cr3C2 -f Cr7C3 + CO, and 140OOC a t  which 



TABLE 6 

RESULTS OF EXPERIMENTS TO OBTAIN CHROMIUM ACCORDING TO THE 
OVER-ALL REACTION 2Cr203 t 3 Cr3C2 = 13Cr + 6CO (MIXTURE 

HAVING STOICHOMETRIC COMPOSITION) 

1000 14 
1100 14 
1200 14 
1300 16 
1400 14 
1500 16 
1600 17 
1650 13 
1700 

(6? 
,6 14,2 -- 79,88,4 He 0611 

,67 13,67 21,2 86,6 5.2 bj 0,Ol 
,97 15,98 46,2 89,4 3,5 'He 0 6 ~  
,69 l1,70 82,O 953 033 D D 
.I2 12,7983,696,20,85 
,76 8.7097,7 97,7 0.09 0,02 
,82 6,6756,9 97.5 0.08 0,03 
Sample 97,50,28 0.03 

, 1  13,8 - 79,68,0 D D 

melted ] I I 

.8,4 99,8 
8,0 96,6 
5,2 24,O 
.3,5 ia,i 
0,83 7,3 
0,85 5,O' 
0,07 3,8 
0,05 3,5/ 
0,25 -- 

I 

(l4 . He 0 6 ~ .  

43.0 
83,5 
85,8 
95,4 
95,8 

-- 
-- 

-- 

(1) - Before Experiment; (2) - After  Experiment; (3) - Output 
Based on Chromium, %; (4)- C i n  Undissolved Residue; 
(5) - Approximate Phase Composition, %; (6) - Undetermined. 

C r  C + C r 2 0 3  + C r  + Co. 7 3  

Discussion of Results 
i s  c h a r a c t e r i s t i c  

The formation of oxycarbides having a va r i ab le  composition/during t h e  
i n t e r a c t i o n  of oxides with t h e  carbides of metals belonging t o  the  I V  group 
of t h e  Mendeleyev pe r iod ic  system of elements. The temperature of t h i s  i n t e r -  
a c t i o n  increases  during t h e  t r a n s i t i o n  from ti tanium t o  zirconium and hafnium. 
The oxides of metals belonging t o  groups V and V I  i n t e r a c t  with t h e  carbides,  
l ead ing  t o  t h e  formation of metals. 
a c t i o n  is determined by t h e  e l e c t r o n  s t r u c t u r e  of t h e  metals forming t h e  
oxides and carbides. 

The d i f fe rence  i n  t h e  na tu re  of i n t e r -  

According t o  (Ref. 12), t h e  main proper t ies  of i n f u s i b l e  compounds are re- 

Metals belonging t o  t h e  I V  group of t h e  D.I .  Mendeleyev per iodic  

Carbon of t h e  carbide,  which has t h e  configura- 

l a t e d  t o  t h e  s t a b i l i t y  of e l ec t ron  configurations of t he  metals and carbon 
forming them. 
system of elements, with a Ember of e lec t rons  i n  t h e  d2-state,  tend t o  change 
i n t o  s t a b l e  do- and d5-states.  
t i o n  s2p2 i n  the  state of an i s o l a t e d  atom, tends toward the  formation and 
s t a b i l i z a t i o n  of t h e  s t a b l e  configuration s p 3 ,  as the  r e s u l t  of t he  s -f p 
t r a n s i t  ion.  

6 



The t r a n s i t i o n  of twovalence electrons of t h e  metal t o  oxygen is 
c h a r a c t e r i s t i c  f o r  the oxides of t hese  metals, with the  formation of a high 
s ta t ic  weight of t he  s2p6 configuration, and with a corresponding increased 
s ta t ic  weight of t he  s t a b l e  do-states of t h e  m e t a l .  

During t h e  i n t e r a c t i o n  of t i tanium carbide,  i n  whose s u b l a t t i c e  t h e  
formation of s t a b l e  configurations cannot b e  r ea l i zed ,  wi th  t h e  oxide 
very probable t h a t  t he re  is a t r a n s i t i o n  of two d-electrons of t i t a n i u m  
(occurring i n  T i c )  
t i tanium and with t h e  formation of a high s t a t i c  weight of t h e  s2p6-states i n  
oxygen atoms, with s t a b i l i z a t i o n  of t h e  s t a b l e  state sp3  of carbon. 
subs t an t i a t ed  by t h e  very f a c t  tha toxycarb ides  are formed. 

i t  is 

t o  oxygen, with t h e  formation of s t a b l e  do-s ta tes  i n  

This is 

During t h e  t r a n s i t i o n  from titanium t o  Z r  and Hf -- i.e., wi th  an in- 
crease i n  t h e  s t a b i l i t y  of t h e  d-s ta tes ,  due t o  an increase  i n  the  main quantum 
number of d-electrons (Ref. 11) -- t h e  s ta t ic  weight of t h e  d5-configurations 
and t h e i r  energy s t a b i l i t y  increase.  Correspondingly, t he  s ta t ic  weight of 
t h e  do-s ta tes  and t h e  t r a n s i t i o n  ( re la ted  t o  t h e i r  formation) of a po r t ion  of 
t h e v d e n c e  e lec t rons  i n t o  t h e  c o l l e c t i v e  states decrease. 
is manifested i n  the  reduction of t he  s p e c i f i c  e l ec t ro re s i s t ance  i n  the  series 
T i c  - Z r C  - HfC (52.5; 50.0; 45.0 microhm/cm). 
s t a b i l i t y  and an increase  i n  t h e  s t a t i c  weight of t h e  d5-states i s  a l s o  mani- 
f e s t e d  i n  t h e  increase  i n  t h e  hea t  of formation of carbides from Tic (43.8 
kcal/mole) t o  Z r C  (47.7) and t o  HfC (73,7), and t h e  hea t  of formation of oxides: 
T i 0 2  225 kcal/mole; Zr02 -- 259; Hf02 -- 266 kcal/mole. This strengthening and 

reduction of r eac t ion  capacity (i.e., an increase i n  t h e  energy which is neces- 
sa ry  f o r  d i s turb ing  t h e  d5-states) leads t o  a corresponding increase i n  the  
temperature a t  the  beginning of t h e  in t e rac t ion ,  which a l s o  l eads  t o  t h e  forma- 
t i o n  of oxycarbides, as w a s  ind ica ted  above. 

For example, t h i s  

An increase  i n  the  energy 

During the t r a n s i t i o n  t o  metals of the V group -- vanadium, niobium, and 
tantalum -- i n  which t h e  s t a t i c  weight of t h e  d5-states i s  s i g n i f i c a n t l y  higher 
than i n  metals of t h e  I V  group, atoms of t h e  metals acquire a more s t a b l e  
state i n  t h e  carbides,  which is  s t a b i l i z e d  due t o  e l ec t rons  being drawn away 
from carbon atoms. The disturbance of t he  s t a b l e  states of carbon atoms 
(decrease i n  t h e  static weight of t h e  sp3-states i n  t h e  carbon s u b l a t t i c e )  leads  
t o  a reduct ion  i n  t h e  hea t  of formation of carbides of t h e  V group, as compared 
wi th  carb ides  of metals belonging t o  the I V  group, and a l s o  leads  t o  an increase  
i n  the e l e c t r o r e s i s t a n c e ,  due t o  possible s t a b i l i z a t i o n  of t h e  sp3-conf igura- 
t i o n  due t o  t h e  capture of conduction electrons.  Therefore, during XVC - XvvS 
r e a c t i o n s ,  t h e  disturbance of stable states of t h e  metal atoms is  much more 
d i f f i c u l t  than i n  t h e  case of t h e  MIVC - MIVO reac t ion .  There is  pr imar i ly  a 
disturbance of t he  exc i t ed  sp-configurations of carbon, by i n t e r a c t i o n  wi th  
oxygen, w i th  t h e  l i b e r a t i o n  of CO and the formation of an intermediate m e t a l ,  
bu t  no t  oxycarbides. 

Based on these  considerations,  we would expect t h a t  t h e  formation of 
oxycarbides would be more d i f f i c u l t ,  and t h e  formation of metals would be 
easier, during q l C  - S 1 O  r eac t ions ,  due t o  the  l a r g e  s ta t ic  weight of t h e  

7 
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d5-states.  The i n t e r a c t i o n  
of chromium oxide with the  carbide, leading t o  t h e  formation of a metal, occurs 
at a temperature 12OOOC. 

This ac tua l ly  occurs with the example of chromium. 

The authors would l i k e  t o  express t h e i r  deep apprec ia t ion  t o  G. V. Samsonov 
f o r  valuable advice and comments which he of fe red  during the  discussion of t h i s  
article. 

Conclusions 
niobium, 

The i n t e r a c t i o n  of t h e  oxides of titanium, zirconium, hafnium, vanadium,/ 
molybdenum, and chromium with t h e  carbides of s i m i l a r  metals has  been studied. 
The following has been established: 

The i n t e r a c t i o n  i n  T i 0  - T i c  and Zr02 - Z r C  systems i n  the  temperature 2 
range 1000 - 20OO0C leads  t o  the  formation of oxycarbides of t he  MCxOl-x type. 

The i n t e r a c t i o n  i n  t h e  Hf02  - HfC system i n  t h e  temperature i n t e r v a l  which 

w a s  s tud ied  (1000 - 20OO0C) w a s  no t  observed. 

Carbides of t h e  metals belonging t o  V group of t h e  Mendeleyev per iodic  
system of elements VC and NbC i n t e r a c t  with similar oxides, with t h e  formation 
of metals passing through the  s t age  i n  which lower oxides and carbides are 
formed. 

The formation of chromium during the  i n t e r a c t i o n  of chromium carbide C r  C 

w a s  observed 
3 2  

(which is  higher i n  i ts  carbon content) with chromium oxide C r  0 

a t  a temperature of 1200OC. A temperature increase  l ed  t o  an increase  i n  t h e  
output of pure chromium, reaching 96% close t o  t h e  melting poin t  of chromium. 

2 3  

The d i f f e rence  i n  t h e  na ture  of the i n t e r a c t i o n  between oxides of transi- 
metals of groups I V ,  V and V I  of t h e  per iodic  system of elements and t i o n  

t h e  carb ides  is r e l a t e d  t o  t h e  d i f fe rence  i n  t h e  e l ec t ron  s t r u c t u r e  of t he  
atoms of metals producing t h e  oxides and carbides. 
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u. . 3 T O M  11 1 9 6 6  

Tebmepa- 
Typa. 'C 

LUExTa 
1000 

1100 
1200 
1300 
1400 
1500 
1600 
1700 

1800 
! 400 

68,5 
68,6 

68,8 
69,6 
70,9 
71,4 
72,l  
72,5 
74,1 

74,2 
76.2 

76,3 
76,2 

76,4 
?6,3 
76,8 
77,l  
77,l 
?7,9 
78,3 

78,4 
80,5 

23,7 
23,8 

23,6 
23,4 
23,l  
22,9 
22,9 
22,l  
21,7 

21,6 
19,5 

TIC + Ti02 
aTiC = 4,32 A 

aTiC = 4,3211 
Tic + x 
TIC + x 
Tic + x 
Tic + x 
Tic + x 
Ti0 + y 

Ti0 + y 
Ti0 + y 

aTio = 4,23 A 



n0CTylIHJIa 
16 ~ o ~ 6 p n  1965 r. 

f 2' 



m a 
E 

2 
8 
- 

m H x T a  
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 

I- 
j Z r  d 
84,4 6,64 
84,2 6-72 
84,2 6.76 
84 2'6.67 
84 :2'6,74 
84,2 6.80 
84,2 6.66 
84,3 6,61 
84.0 6,40 
84,O 6,OO 
84.06,OO 

33,4 
34,4 
34,O 
33.8 
33,s 
33,6 
21,l 
24,2 
22.8 
24,l 
14,l 

O a s o ~ b t i k  

p e H T r e H .  
COCTaB ll0 

a H a J l k f 3 y  

ZrC + ZrO, 
ZrC + ZrO, 
ZrC: + ZrO, 
ZrC + ZrO, 
ZrC + ZrO, 
ZrC -I- ZrO. 
ZrC + ZfO; 

a + ZrO, cn. 
a + ZrO, cn. 
a + ZrO, cx. 

1517 



Temega- 
TYPa, c 

N l i X T a  
1000 
1100 
1200 
1300 
1400 
1500 
1600 

V 

70,O 
74,4 
75,O 
77,7 
80,O 
85, l  
88,8 
90,4 

9 , 5  
9,28 
8,64 
8,58 
7,57 
4,20 
3,32 
3 , 5  

7y>5  83.7 I 2015 16.3 
83;6 1614 
86,4 13,6 
87,6 12,4 
89,3 10,7 
92.1 7.9 
9319 611 

EO naHHbIM XIIM. 
aaanursa) 

vc + vo 
vzc + vo + v 
v,c + vo + v 

41,1% v. 
25.1% Vo. 
33,3'/0 vzc 

I I I H x T a  
1000 

1100 

1200 
1300 
1400 

1500 
1600 
1700 
1800 
1900 

c C B F 1 3  
Nb I 

83,6 7,76 

84,7 7,40 
85,3 7,28 
86,4 6,87 

87,5 6,17 
95.6 I 3.28 

NlJ + C U O U ,  
___ -. 

89,8 
92.0 

91,3 

92, l  
92,6 
93,3 

93,7 
98,9 
99,5 
99,8 
99,5 

Nb + Nb;C 
Nb + NbzC 



1000 14,6 14,2 -- 
1100 14,l 13,8 -- 
1200 14,67 13,67 21,: 
1300 16,97 15,98 46,: 
1400 14,69 11,70 82,( 
1500 16,12 12,7983,f 
1600 17,76 8,7097,; 
1650 13,82 6,6756,: 
1700 O6paaeq 



nocTyIIrrna 
11 OIETRGPR 1 x 5  r. 


